Background: The purpose of this study was to determine the incidence of and survival following brain metastases among women with triple receptor-negative breast cancer.
introduction
Breast cancers are known to be heterogeneous and are characterized by a wide spectrum of clinical, pathological, and molecular characteristics that comprise a number of recognized biological subtypes [1] [2] [3] [4] . Major subtypes identified by gene expression profiles classify breast cancers into basal, luminal (hormone receptor positive), and HER-2/neu-positive/estrogen receptor (ER)-negative subtypes which have differing prognostic profiles [1] [2] [3] [4] . It is also recognized that the basal and HER-2/neu-positive/ER-negative subtypes are associated with particularly poor outcomes compared with the hormone receptor-positive luminal subtype [1] [2] [3] [4] . The 10%-15% of breast carcinomas known to be 'triple receptor negative' (i.e. not expressing ERs and progesterone receptors (PRs) and not exhibiting overexpression and/or gene amplification of HER-2/neu) constitutes 85% of all basal-type tumors, which are known to have a poor overall outcome. A number of studies have focused on understanding the natural history and the effect of chemotherapy in this subtype [5, 6] .
The risk of developing brain metastases at any time point during the course of metastatic disease has been reported to range from 10% to 16%, approaching 30% when autopsy diagnosis of brain metastases is included [7] [8] [9] . Brain metastases generally tend to occur late in the course of metastatic breast cancer and are typically associated with 1-and 2-year survival rates of only 20% and <2%, respectively [10, 11] . Factors that have been reported to be associated with a higher risk of developing brain metastases include young age, four or more positive lymph nodes, high tumor grade, and HER-2/neu over expression [7, [12] [13] [14] [15] . In addition, several studies have reported a greater propensity of ER-negative tumors metastasizing to the brain compared with ER-positive tumors [12, 14, 16] . With the known overall poor outcome associated with triple receptor-negative breast cancer subtype, and the inference from retrospective studies that this subtype may have an increased propensity to develop brain metastases, which itself is associated with poor prognosis across all types of breast tumors, we embarked on this retrospective study. The purpose of this study was to determine the incidence of brain metastases among women with nonmetastatic triple receptor-negative breast cancer and to determine survival outcomes following a diagnosis of brain metastases in this cohort.
patients and methods patients
Using an electronic database maintained at the Breast Medical Oncology Department of the University of Texas M.D. Anderson Cancer Center (MDACC), we retrospectively identified patients with histologically confirmed, hormone receptor-negative and HER-2/neu-negative invasive breast cancers. Exclusion criteria included patients who were male, those with more than one primary, and patients who presented with de novo stage IV disease. From 1980 to 2006, 877 patients who had triple receptornegative disease were identified. One hundred and ninety-eight patients had stage IV disease at diagnosis and were subsequently excluded from the analyses. Variables recorded included patient demographics, primary tumor characteristics, initial clinical stage, and recurrence information. The medical records of all patients were reviewed to verify information recorded in the database. The MDACC institutional review board approved the retrospective chart review.
staging and pathology review
Initial clinical stage of all patients was coded according to the staging criteria proposed by the 2003 sixth edition of the American Joint Committee on Cancer [17] . Histological type and grade of primary tumor specimens were classified according to the World Health Organization classification system [18] and modified Black's nuclear grading system [19] , respectively. Pretreatment tumor biopsy specimens were used to define receptor status. For those specimens obtained before 1993, ER and PR status were determined using dextran-coated charcoal ligand-binding method. Thereafter, immunohistochemistry (IHC) on 4-lm paraffinembedded tissue sections was carried out using mAbs. For determination of ER and PR status, 6F11 (Novacastra Laboratories Ltd, Burlingame, CA) and 1A6 (Novacastra Laboratories Ltd) mAbs were used, respectively. HER-2/ neu status was determined using either IHC and/or a FISH. Tumor specimens that had no demonstrable staining by IHC method and/or no gene amplification by FISH method were considered to be HER-2/neu negative. Triple receptor-negative status was assigned to those specimens that were HER-2/neu negative and exhibited no staining for both ER and PR (hormone receptor-negative status).
statistical analyses
Characteristics of this patient cohort were tabulated or described by their median and range as appropriate. Median follow-up was calculated as the median observation time among all patients. Overall survival (OS) was computed from the date of diagnosis of breast cancer to date of death from any cause or last follow-up. Recurrence-free survival (RFS) was computed from the date of diagnosis of breast cancer to the date of first local or distant recurrence or last follow-up. Patients who died before experiencing a disease recurrence were considered censored at their date of death in the analysis of RFS. Survival subsequent to metastasis was measured from the date of metastasis to the date of death from any cause or last follow-up. Survival outcomes were estimated according to the Kaplan-Meier product limit method and compared across groups using the log-rank statistic. Time to brain metastases was computed from the date of breast cancer diagnosis to the date of diagnosis of brain metastases or last follow-up. We calculated the cumulative incidence of brain metastasis, considering death from any cause as a competing risk, and the cumulative incidence of brain as the first site of metastasis, considering both metastases at other sites and death as competing risks. Cox proportional hazards models were fitted to explore the simultaneous relationship of factors that could predict for the development of brain metastases in this cohort. All statistical tests were two sided and P values <0.05 were considered to be statistically significant. Analyses were carried out using SAS 9.1 (SAS Institute, Cary, NC), R 2.4.1 [20] , and the contributed package cmprsk [21] .
results
These analyses included 679 women with triple receptornegative breast cancer diagnosed from 1980 to 2006. Table 1 summarizes characteristics of this cohort. Median age at disease diagnosis was 50 years (range 22-97 years). One hundred and forty-five (21.4%) patients initially presented with stage I disease, 339 (49.9%) patients presented with stage II disease, and 195 (28.7%) presented with stage III disease. The majority of patients had invasive ductal carcinoma (93.8%) and grade III disease (89.5%). Three hundred and thirty-two (49.4%) underwent mastectomy for their primary tumor, 326 (48.5%) underwent a segmental resection, five (0.7%) had only axillary lymph node dissection as no primary in the breast was found, and nine (1.3%) patients refused any form of surgery. Five hundred and ninety-three (87.3%) patients received either preoperative or adjuvant chemotherapy and 452 (66.6%) patients received adjuvant radiation therapy following surgery.
RFS and OS estimates
Median follow-up among all patients was 26.9 months (range 1.1-321.3 months). Two hundred (29.5%) patients have experienced disease recurrence, and RFS at 2 and 5 years was 69.2% [95% confidence interval (CI) 65.0% to 73.0%] and 59.6% (95% CI 54.4% to 64.4%), respectively. At the time of the analyses, 153 (22.5%) patients had died and OS at 2 and 5 years was 85.9% (95% CI 82.6% to 88.7%) and 64.1% (95% CI 58.4% to 69.2%), respectively. Table 2 summarizes the overall cumulative incidence of brain metastases at 2 and 5 years stratified by patient and tumor characteristics. Overall, 42 (6.2%) patients developed brain metastases. The cumulative incidence of brain metastases at 2 and 5 years was 5.6% (95% CI 3.8% to 7.9%) and 9.6% (95% CI 6.8% to 13%), respectively. Twenty-four (3.5%) patients developed brain metastases as the first site of recurrence. The cumulative incidence of brain metastases as the first site of recurrence at 2 and 5 years was 2.0% (95% CI 2.6% to 6.0%) and 4.9% (95% CI 3.2% to 7.0%), respectively. Factors such as race, age, menopausal status, and grade of disease were not significantly associated with the development of brain metastases overall or as the first site of recurrence. Higher stage of primary disease was associated with a significantly increased cumulative incidence of brain metastases as the first site of recurrence (P = 0.024).
development of brain metastases
The results of the multivariable model for time to development of brain metastases, as either the first or subsequent site of metastases, are summarized in Table 3 . The variables lymphovascular invasion and number of nodes examined (>10 versus <10) were included due to their statistical significance in the univariate analysis. The variables age, grade, and stage of primary disease were included in the model due to their clinical significance regardless of statistical significance. None of the variables included in the final model were associated significantly with time to development of brain metastases.
survival following brain metastases
Sixteen (38.1%) patients had three or fewer lesions in the brain, 19 (45.2%) had more than three brain lesions, and the number of brain lesions was unknown in seven (16.7%) patients. Three (7.1%) patients underwent surgery as treatment for firstline brain metastases; 24 (57.1%) underwent whole-brain radiation therapy, three (7.1%) received surgery and radiation therapy, 10 (23.8%) did not receive any treatment, and the type of treatment was unknown in two (4.8%) patients. Table 4 summarizes the survival estimates following a diagnosis of brain metastases by patient characteristics. At the time of this analysis, 34 of the 42 patients (80.95%) with brain metastases have died. Median survival in this group was 2.9 months (95% CI 2.0-7.6 months) ( Figure 1 ). On univariate analysis, increasing initial stage of disease and menopausal status were associated with a significant reduction in median survival following a diagnosis of brain metastases.
Among the 24 patients who developed brain metastasis as their first site of metastasis, 17 have died. Among the 176 patients whose first metastasis was at other sites, 114 have died. Median survival among those who did and did not develop brain metastases as the first site of recurrence was 5.8 months (95% CI 1.7-11 months) and 13.0 months (95% CI 11.4-17.6 months), respectively (P < 0.0001) (Figure 2 ).
discussion
Several studies have shown that the women with triple receptor-negative breast cancer are at a higher likelihood of relapse and have an associated poorer prognosis compared with women with other subtypes of breast cancer [5, 6] . However, the incidence of and survival from brain metastases in this cohort has not been well defined. In this study, we evaluated 679 women with nonmetastatic triple receptor-negative breast cancer and determined the incidence of and survival from brain metastases. We observed that among women with triple receptor-negative-breast cancer, brain metastases occurs relatively early in the natural course of the disease and is associated with poor survival outcomes.
A higher incidence of brain metastases in women with hormone receptor-negative breast cancer compared with those with hormone receptor-positive disease has been reported by several investigators. In one of the earlier studies to look at this issue, Samaan et al. [16] reported on a cohort of 217 women with primary breast cancer and found that women whose tumors were ER negative were more likely to metastasize to the brain compared with women whose tumors were ER positive (10% versus 4%). Using a cohort of >10 000 women, Tham et al. [14] noted similar results with women whose tumors were ER negative having higher odds of developing brain metastases (odds ratio = 2.8, 95% CI 2.1-3.7, P < 0.001). Such retrospective studies were unable to define the incidence of developing brain metastases specifically within the cohort of patients who have triple receptor-negative disease due to the large amount of missing data on HER-2/neu status. Our cohort provided us with a unique opportunity of defining the incidence of brain metastases in the triple receptor-negative cohort. Overall, we observed a cumulative incidence of 5.6% and 9.6% at 2 and 5 years, respectively, an incidence that is much higher than those reported by other investigators for women with ER-negative disease. Recent studies have also reported on survival outcomes following the development of brain metastases among women with various subtypes of breast cancer. Using a cohort of 126 patients with breast cancer and brain metastases, Nam et al. [22] reported that 37.3% had triple receptor-negative disease associated with the a median survival of 3.4 months. Using a cohort of patients from the Memorial Sloan Kettering Cancer Center, Hines et al. [23] reported on 91 patients with breast cancer and brain metastases whose biological markers were available for assessment. In this cohort, the authors reported that 22% of patients had triple receptor-negative disease associated with a median survival of 7 months (range 0-20 months) following brain metastases. In our cohort of women with nonmetastatic triple receptor-negative disease, OS original article Annals of Oncology regardless of site of recurrence was similar to those reported in other retrospective studies [5, 6] . One hundred and seventyeight patients developed a distant recurrence, accounting for 89% of the total recurrences. This is also consistent with the fact that women with triple receptor-negative disease are more likely to develop distant recurrences. Forty-two patients developed brain metastases, and in this subgroup, median survival subsequent to brain metastases was 2.9 months (95% CI 2.0-7.6 months). This is much lower than the median survival of 11.6 months we reported for women with HER-2/ neu-positive disease who received trastuzumab either before or at the time of diagnosis of brain metastases [24] . Furthermore, 6-month survival among women with nonmetastatic triple receptor-negative breast cancer who developed brain metastases was only 38.0% (95% CI 22.6% to 53.3%). The fact that brain metastases accounted for 24% of all distant recurrences and was associated with a poor median survival provides 
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evidence that the development of brain metastases maybe a major cause of the generally observed poor survival in women with triple receptor-negative breast cancers. The large body of work done in identifying risk factors associated with the development of brain metastases has been primarily undertaken in an effort to identify subgroups of patients at high risk of developing brain metastases who would benefit from early detection and/or prevention measures. Preventive measures would hypothetically be especially useful in women who are at high risk of developing brain metastases as a first site of recurrence. In a large retrospective study of >9000 women with early-stage breast cancer treated on the International Breast Cancer Study Group clinical trials, Pestalozzi et al. [12] reported that the incidence of central nervous system (CNS) disease as the first site of metastatic event was significantly higher among women with ER-negative tumors (5-year cumulative incidence 1.9%) compared with those with ER-positive tumors (5-year cumulative incidence = 0.7%). Although HER-2/neu information was available, the investigators did not report on the incidence of CNS metastases among women with triple receptor-negative breast cancer. Based on such evidence, we explored the cumulative incidence of brain metastases as the first site of metastatic event in our study population. In our cohort, 5-year cumulative incidence of brain metastases as the first site of recurrence was 4.9% (95% CI 3.2% to 7.0%), a much higher incidence than that observed among women with ER-negative disease in the cohort reported by Pestalozzi et al. [12] . Furthermore, we observed that the median survival of women who developed brain metastases as a first site of recurrence was significantly lower compared with those who did not develop brain metastases as a first event (5.8 months versus 13.0 months, P < 0.0001). Interestingly, the incidence of brain metastases in our cohort appears to be higher than those observed among women with HER-2/ neu-positive breast cancer who have not received trastuzumab. In the study by Pestalozzi et al. [12] , women with HER-2/ neu-positive disease had a 2-and 5-year cumulative incidence of brain metastases of 1.2% and 2.3%, respectively. These numbers are likely to be much higher among women with HER-2/neu-positive breast cancer who receive trastuzumab as part of their adjuvant treatment as a result of improved systemic control resulting in brain metastases occurring much later in the course of the disease [24] .
We acknowledge that our study has a number of limitations inherent to most retrospective studies. First, in our analyses, we only included patients who had complete information on ER, PR, and HER-2/neu status. Thus, selection bias is a concern. Secondly, triple receptor-negative breast tumors account for 85% of basal-like tumors. Thus, in order to extend our results to all basal-like tumors detailed molecular profiling and hierarchical cluster analysis would be required. However, despite these limitations, our study stands on the strength of its large sample size and the fact that all patients received similar treatment and follow-up.
Our results have a number of important implications. First, we show that it is important to report results stratified by breast tumor subtype rather than based on individual biological markers as other investigators have done in the past. Such uniform stratification will not only make for better comparisons across studies but also will allow for improved identification of individuals at highest risk of developing brain metastases. Secondly, our results indicate that among women with triple receptor-negative disease, brain metastases occurs with higher incidence, develops earlier in the course of the disease, and is associated with a poorer prognosis compared with historical controls of women with other subtypes of breast cancer. These results not only provide a reasonable explanation for the overall poorer prognostic outcomes known to be associated with women with this subtype of breast cancer but also indicates that women with triple receptor-negative breast tumors maybe an ideal cohort to target in clinical trials studying preventive measures against the development of brain metastases. Whole-brain radiation in the preventive setting is associated with long-term toxicity that maybe unacceptable in a cohort where 5-year OS is >60%. Before trials can investigate preventive and treatment strategies, much more needs to be learnt about the pathophysiology of brain metastases at a molecular level. Evidence already exist that immunohistochemical profiles of primary breast tumors and corresponding brain metastases in the same patients may in fact be different [25] , a fact that maybe important in developing targeted agents for both the prevention and treatment of brain metastases. Specific pathways such as WNT/b-catenin signaling pathway have been shown to be active in basal tumors relapsing in the brain [26] and this maybe an important avenue for future research in this cohort. 
